INTRODUCTION
The western Indian Ocean experienced a rare and large-scale temperature anomaly in 1998 that produced large-scale coral bleaching and mortality (Wilkinson et al. 1999 , Goreau et al. 2000 . Subsequently, there have been other more spatially limited temperature anomalies and bleaching events, most notably in Mauritius in 2004 (McClanahan et al. 2005a ) and much of the southern Indian Ocean in (McClanahan et al. 2007 ). The 2005 anomalies produced degree-heating weeks (DHWs) sufficient enough to predict coral bleaching (Liu et al. 2005 , McClanahan et al. 2007 ). These warm-water events are expected to increase in coming decades and have serious implications for the persistence of corals and associated organisms (Hoegh-Guldberg 1999 , Hughes et al. 2003 , Sheppard 2003 . Consequently, understanding the diversity of responses of corals to bleaching, how this varies spatially and how it is affected by previous bleaching events is a key concern for coral reef ecology and management.
Despite the large spatial and taxonomic scale of most bleaching events, field studies of coral bleaching are often site-or nation-and taxon-specific and limited by the efforts of few investigators (Gleason 1993 , Marshall & Baird 2000 , McClanahan et al. 2001 , McClanahan et al. 2005a ). This may lead to a parochial view of the bleaching effects that does not consider the larger spatial and taxonomic extent of the impact as well as the meta-population nature of coral populations (van Woesik 2000) . This makes it difficult to identify regionallevel area and taxon priorities for management. The research reported here provides a broad-scale view of the response of a number of coral taxa and sites in the western Indian Ocean to the 1998 and 2005 anomalous warm-water events. Additionally, our field-sampling method allowed for a snapshot that reflects the current status of these coral communities in the context of past disturbances. We use these data to evaluate structure and diversity of the coral communities on a broad scale as well as the expected vulnerability of affected taxa to future warm-water disturbances.
MATERIALS AND METHODS
Study sites. Coral bleaching and community structure were investigated at representative shallow coral reef sites (<15 m deep) in the western Indian Ocean (McClanahan et al. 2007 ). Most study sites were shallow lagoon and reef edge sites (< 3 m above datum). Surveys in western Réunion included reef slope sites at 10 m depth, while a few sites in northern South Africa and central Mozambique were sampled in areas where rock formations and living coral were only found below 10 m. However, depth had little effect on the trends we found (McClanahan 2007 and the central atolls of the Maldives) and were investigated by 12 marine scientists during the peak of the warm season in 2005. This study along with studies in Kenya in 1998 (McClanahan et al. 2001 , Mauritius in 2004 (McClanahan et al. 2005a and observations in northeast Madagascar in 1998 (T. R. McClanahan unpubl. data) produced a database of responses to warm water for 37 675 coral colonies, 48 taxa, and 91 reef sites, of which 71 sites were surveyed in 2005 (McClanahan et al. 2007 ). In order to achieve a broad and recent view of the responses of corals and the state of these reefs, we combined these data sources for a number of the analyses.
Sampling and calculation of bleaching response. We used a single, simple, and cost-effective system for monitoring bleaching, based on haphazardly selecting coral colonies and classifying them into 7 categories of coral bleaching, which allows scaling of the bleaching response by taxon and site (Gleason 1993 , Edmunds et al. 2003 , McClanahan 2004 , Siebeck et al. 2006 . The original field method was developed by Gleason (1993) , modified by McClanahan et al. (2001) , tested between regions , and a similar method has been tested for comparison between observers (Siebeck et al. 2006) . Taxa were identified to genus level, except for Porites, for which massive and branching forms were distinguished, and the sub-genus Synarea was treated as a separate taxon. Investigators undertook the same set of bleaching, coral diversity, and community measurements close to peaks in the DHWs (McClanahan et al. 2007) . The data allow for taxon-and site-specific estimates of bleaching intensity. Further, based on the abundance of taxa at each site, and their response at all sites and times combined, a bleaching susceptibility index of the coral community was produced for each site (McClanahan 2004 , McClanahan et al. 2007 ).
Field observations were made in shallow (< 3 m) and deeper (> 3 m) sites by snorkeling and SCUBA diving. Observers moved in haphazardly chosen directions and distances and periodically or haphazardly selected areas. All coral colonies within about 2 m radius were identified to the genus, counted, and assigned into 7 categories of bleaching intensity: c1 = normal and c2 = pale live coral, c3 = 0-20%, c4 = 20-50%, c5 = 50-80%, c6 = 80-100% of the live coral surface area fully bleached, and c7 = recently dead (McClanahan 2004) . This haphazard sampling of 2 m radius was repeated many times at sites for ~40 minutes. Each site included between 47 and 1096 colonies with a mean sample size of 380 ± 167 (SD) colonies per site. The total number of colonies sampled at a site was the basis of replication used in the statistical analyses. The percentage of individuals per taxon in each category was determined and the bleaching response (BR) for a site was calculated as a weighted average, and normalized according to the following formula: BR = (0c1 + 1c2 + 2c3 + 3c4 + 4c5 + 5c6 + 6c7)͞6
(1)
Summing all colonies in each category and applying the above formula gave the site-specific BR. Additionally, the taxon-specific BR was determined by calculating the mean BR based on all sites where the taxon was recorded. Taking this mean taxon-specific BR, multiplying it by the taxon's relative density, summing for all taxa at each site, and scaling to 100 determined the site-specific bleaching susceptibility measure (McClanahan et al. 2007) . Some sites that were very close to each other were pooled and mean values of the relative abundances and bleaching responses were used in subsequent analysis of community structure and susceptibility (McClanahan et al. 2007) .
Data analyses. Sites were subjected to correlationbased Ward's hierarchical cluster analysis (Statistica) in order to assess relationships in community structure among reefs. Relative abundance of corals in the cluster groupings was used in a Correspondence Analysis of cluster group and taxon in order to distinguish the taxa contributing the most to the classification. Sites were pooled into cluster groups and the diversity, relative abundance, mean bleaching response and susceptibility for each cluster were calculated and tested for significance based on a general linear model ANOVA and Tukey-Kramer test of Honestly Significant Differences (Sall et al. 2001) .
Estimates of diversity were based on the rarefaction method (Hurlbert 1971 , McAleece et al. 1997 ). This method was chosen because of non-uniform sampling of the numbers of coral colonies and area. The rarefaction method back-calculates number of species in order to account for such differences in the number of individuals surveyed. Expected number of genera (richness) can thus be compared among locations for a sample size in common. Other conventionally used diversity indices were also calculated for comparison: number of taxa, Hill's numbers (N1 and N2), ShannonWiener (H ') and evenness (N2/N1) (Hill 1973) .
To further test differences in biodiversity among clusters, we used a technique that takes into account species taxonomic relatedness and also accounts for variable sample sizes between locations. For each cluster we calculated average taxonomic distinctness (AvTD; degree to which species in a sample are related taxonomically to each other), measuring the average path length between every pair of genera through a taxonomic tree (Clarke & Warwick 1998) and variation in taxonomic distinctness (VarTD: evenness to which the taxa are spread across the tree; Clarke & Warwick 2001) of coral assemblages using taxonomic aggregation files constructed following Veron (2000) . Funnel plots were constructed for both variables with expected mean and 95% confidence limits constructed from a simulation distribution using random subsets of the master taxonomy list. Any departure from expected values could thus be identified, low AvTD and low to normal VarTD indicating taxonomically degraded locations (Clarke & Warwick 2001) . Taxonomic distinctness is based on evolutionary relatedness and is distinct from, but sometimes related to, other measures of diversity, as found for Indian Ocean algae (Price et al. 2006) .
The relationship between the relative abundance of the 10 most abundant coral genera and the DHWs that the sites experienced in 1998 was investigated with regression analysis. DHWs are defined as the cumulative degrees of temperature for the weeks that a temperature is ≥ 1°C above the mean temperature of the climatologically warmest month for a specific site; it is often used to predict bleaching (Liu et al. 2005 , McClanahan et al. 2007 and is posted by NOAA (http://coralreefwatch.noaa.gov/satellite). Additionally, DHWs were calculated from SST data provided in the JCOMM web site (http://iri.columbia.edu/climate/ monitoring/ipb/), which uses satellite and in situ measurements presented in 1 × 1°latitude-longitude squares (Reynolds et al. 2005) . McClanahan et al. (2007) investigated the relationship between (1) bleaching response, bleaching susceptibility, depth, latitude, and coral community composition and (2) NOAA and JCOMM DHWs from 1998 and 2005; the JCOMM DHWs gave a better fit. The cumulative positive anomalies from the mean summer maximum SST climatology (mean climatology of the 3 warmest months; Barton & Casey 2005) were used for the nearest square for each location in calculating DHWs from the JCOMM data. The relationship between the BR of the 10 most dominant taxa and DHWs in 1998 and 2005 was also investigated with regression analysis. Acropora was one of the taxa most affected by the 1998 bleaching throughout the Indian Ocean and one of the dominant genera before this event. Change in relative abundance of the 9 other taxa in comparison to that of Acropora may indicate change in the degree of competitive dominance following a major disturbance that affects a superior competitor (Baird & Hughes 2000) and was analyzed with regression analysis.
Extinction estimates are usually based on measures of vulnerability, sparseness, and rareness of the vulnerable populations (IUCN 1999) . We made an estimate of the relative susceptibility to extinction (RE) of the taxa based on their bleaching response (BR), abundance or number of colonies (NC), and commonness or number of reef sites where a taxon was found (NR). Values were normalized (0 to 1) using the taxa (i) with the most extreme value (max.) for each measure such that the formula is an estimate of extinction suscepti-bility relative to the most bleached (BR max = Alveopora), most abundant (NC max = Acropora), and most common (NR max = Acropora) taxa. The formula is the logarithm of average of these 2 quotients and calculated as: (2) We also plotted the BR as a function of the abundance and commonness of the taxa and tested for relationships using regression analysis.
RESULTS

Community structure and diversity
Eighteen taxa had overall mean abundance ≥1% and composed 92% of the community (Table 1 ). The 10 most abundant taxa comprised 75%, and the first 4 comprised ~50% of the relative abundance. Acropora was the most dominant genus, followed by massive Porites and Pocillopora. Analysis of the community structure data indicates distinct patterns in the community composition with 8 clusters that fall into 3 main categories; northern South Africa/southern and central Mozambique, the central atolls of the Maldives, and the central and southern tropical western Indian Ocean ( .71 ± 2.12 10.00 ± 2.06 1.91 ± 0.60 11.31 ± 4.25 2.98 ± 1.50 9.38 ± 2.39 0.10 ± 0.10 3.59 ± 2.36 6.04 ± 0.83 Galaxea 6.85 ± 1.87 0.79 ± 0.43 1.00 ± 0.21 0.07 ± 0.07 6.77 ± 2.54 9.11 ± 1.56 11.33 ± 2.72 11.08 ± 3.37 5.92 ± 0.85 Porites (bran) 0.21 ± 0.15 0.00 ± 0.00 3.25 ± 1.92 4.46 ± 3.62 2.81 ± 1.66 4.36 ± 1.17 25.65 ± 4.67 3.93 ± 2.02 4.66 ± 0.94 Pavona 0.00 ± 0.00 0.00 ± 0.00 13.27 ± 3.39 8.78 ± 6.01 1.97 ± 1.07 3.84 ± 0.94 7.87 ± 2.27 0.56 ± 0.22 4.25 ± 0.93 Favia 7.08 ± 0.52 4.52 ± 1.22 2.33 ± 0.41 0.07 ± 0.07 3.75 ± 1.17 3.65 ± 0.74 9.24 ± 1.59 1.34 ± 0.38 4.15 ± 0.75 Favites 8.86 ± 0.43 5.03 ± 1.28 3.58 ± 0.34 0.00 ± 0.00 4.81 ± 0.97 2.31 ± 0.54 1.45 ± 0.78 1.20 ± 0.63 3.76 ± 0.40 Fungia 1.12 ± 0.29 0.50 ± 0.23 4.09 ± 1.58 0.00 ± 0.00 0.09 ± 0.05 7.90 ± 1.58 1.43 ± 0.62 11.10 ± 3.24 3.61 ± 0.37 Synarea 0.00 ± 0.00 0.00 ± 0.00 0.94 ± 0.61 8.28 ± 0.44 3.86 ± 1.40 0.52 ± 0.47 0.10 ± 0.10 11.30 ± 5.32 3.42 ± 0.58 Stylophora 0.80 ± 0.58 12.74 ± 4.40 0.01 ± 0.01 0.00 ± 0.00 0.49 ± 0.31 0.62 ± 0.40 5.43 ± 3.16 2.35 ± 1.76 2.60 ± 0.80 Goniastrea 2.52 ± 0.74 2.20 ± 0.98 5.98 ± 0.92 0.00 ± 0.00 8.17 ± 2.96 1.59 ± 0.37 0.30 ± 0.19 1.44 ± 0.49 2.28 ± 0.30 Millepora 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 10.20 ± 1.11 0.99 ± 0.39 2.71 ± 0.66 3.28 ± 2.08 0.87 ± 0.34 2.23 ± 0.70 Platygyra 2.92 ± 0.61 0.00 ± 0.00 1.97 ± 0.66 0.15 ± 0.15 3.20 ± 1.16 3.15 ± 0.61 3.82 ± 1.07 1.50 ± 0.49 1.52 ± 0.25 Echinopora 2.17 ± 0.51 2.12 ± 1.14 0.39 ± 0.11 0.07 ± 0.07 2.06 ± 0.75 0.84 ± 0.23 1.71 ± 1.22 3.33 ± 1.06 1.51 ± 0.34 Astreopora 3.14 ± 0.62 1.00 ± 0.42 1.22 ± 0.41 0.00 ± 0.00 1.61 ± 1.02 1.07 ± 0.52 1.61 ± 1.14 0.81 ± 0.46 1.34 ± 0.24 Acanthastrea 5.35 ± 1.08 2.87 ± 0.99 0.00 ± 0.00 0.00 ± 0.00 1.91 ± 0.99 0.18 ± 0.06 0.00 ± 0.00 0.06 ± 0.04 1.19 ± 0.29 Rarefaction diversity analysis indicates that the highest numbers of coral taxa are in Clusters 6 and 8 in Tanzania and southern Kenya, in Cluster 3 in the central Maldives, and a mixture of post-1998 sites in the Seychelles, Réunion, and Kenya's marine parks dominated by massive Porites and Pocillopora that form Cluster 5 (Fig. 3) . Intermediate taxonomic richness was found in the northern South Africa/southern Mozambique and central Mozambique regions (Clusters 1 and 2) and Kenya's fished reefs (Cluster 7). The lowest diversity reefs were found in Réunion reef flats (Cluster 4) and were dominated by Acropora. The diversity from rarefaction method was also supported by results from other diversity measures (Table 2) , where the central Maldives and Tanzania had the highest generic richness, but the Maldives was also characterized by a high dominance and low evenness. Average taxonomic distinctness identified the central Maldives (Cluster 3) to be below the confidence intervals of distinctness for the number of genera found in these sites (Fig. 4) .
Susceptibility to extinction
The occurrence of genera (number of sites) increased logarithmically as a function of the number of individual colonies or solitary corals sampled (Fig. 5A) . Maximum number of sites was reached at ~1500 colonies and there was a very low increase beyond this value. The bleaching response of the taxa was weakly but positively associated with their occurrence, or number of sites (Fig. 5B) . Acropora and Montipora were both common and had high BRs whereas Pavona, Galaxea, Echinopora, and Fungia also had high occurrences but low BRs. The relationship showed considerable spread and many taxa were outliers from the relationship at the 95% confidence interval. For example, Alveopora and Stylophora had the highest BR, yet were only moderately common. Conversely, Gyrosmilia, Oxypora, Pachyseris, Physogyra, Plerogyra, and Plesiastrea were uncommon but had high BR. The combination of relative rarity and high BR made these taxa the most extinction-susceptible (Table 3) .
Other uncommon taxa such as Ctenactis, Diploastrea, Halomitra, Herpolitha, Leptoseris, Merulina, Montastrea, Oulophyllia, and Podabacia had low or no BRs. 
Relationships to temperature
The relationship between relative abundance of the dominant taxa of corals in the 8 clusters and DHW in 1998 indicates that the relative abundance of Acropora and Montipora decreased while massive Porites increased significantly (Fig. 6) . Tests of significance found that the BR during the 2005 anomaly was highest in Clusters 2 and 6 and lowest in Clusters 7 and 8 (p < 0.05) ( Table 4) . Sitespecific susceptibility of taxa to bleaching was higher in Cluster 2 than in Clusters 3 and 7 (p < 0.05). The BR of 6 of the dominant taxa and all taxa combined increased as a function of DHWs in 2005 with Acropora and branching Porites showing the highest and Fungia the lowest responses (Fig. 7) . For these same dominant taxa, with the exception of Fungia, Galaxea and branching Porites, and for all taxa combined their BR in 2005 declined as a function of the previous DHWs in 1998 in each site.
DISCUSSION
This study provides a snapshot of western Indian Ocean coral communities and their response to a warm-water anomaly in 2005, and indirectly of the community level effects of the 1998 bleaching event. The 2 bleaching events affected much of the western Indian Ocean, but the 1998 event was stronger in the north and the 2005 event was stronger in the south (McClanahan et al. 2007 ). This regional variation is notable in both the bleaching responses and the community structure, as reflected in relationships between 7 Table 2 . Diversity of coral taxa (mean ± SE) in the 8 main clusters (see Table 1 , Fig. 1 Table 3 DHWs in 1998 and the abundance of the dominant coral taxa and the bleaching responses in 2005. Community structure of southern sites, with high relative cover of Acropora and Montipora, reflected communities that were not greatly altered by the 1998 event.
Regional patterns
The 2 communities that most represent reefs affected by bleaching and high levels of mortality were Cluster 3 of the central Maldives and Cluster 5, mostly in Kenya's MPAs and the Seychelles, but also outer reef slopes in western Réunion. These sites are dominated by massive Porites followed by either Pocillopora or Pavona. The sites in the central Maldives, Kenya, and granitic islands of the Seychelles had high levels of mortality (McClanahan 2000 , McClanahan et al. 2001 . In some areas of the southern Maldives Acropora has recently been observed in high abundance and a number of species are reported (Pichon & Benzoni 2007 , Wallace & Zahir 2007 . Massive Porites and Pavona are moderately resistant to bleaching (Mumby et al. 2001 , McClanahan 2004 and Pocillopora and Pavona appear to recruit well after bleaching events (McClanahan 2000 , Loch et al. 2002 , 2004 . The inclusion of western Réunion reef slope sites into Cluster 5 is less clear but may reflect past disturbances from Hurricane Firinga in 1989 (Naim et al. 2000) .
From southernmost Kenya to the south and east the coral communities are more representative of reefs that have experienced less mortality through bleaching, having moderate to high dominance by Acropora and other subdominant taxa that are less resistant to bleaching. Clusters 1 and 2 in South Africa and southern/central Mozambique represent 2 unique faunas in that they have some of the same dominant taxa as other reefs in the region, but have high values for some unusual subdominants, such as Acanthastrea and other faviids. They also lack (or have very low abundance of) taxa such as Millepora, Pavona, and Synarea that are more common in reefs to the north. The belt from Tanzania via Madagascar to Mauritius contains the most typical tropical coral communities for this region. It is characterized by high dominance of bleaching-sensitive taxa such as Acropora and Montipora, and the differences that distinguish the communities are in the abundance of the subdominants, including branching Porites, Fungia, Galaxea, massive Porites, Pocillopora and Synarea. Our data suggest that the higher cover of Acropora and Montipora indicates weaker effects of bleaching and less mortality in these reefs, as the relative abundance of these 2 taxa are found largely in direct proportion to the 1998 DHWs.
Cluster 7, dominated by branching Porites in Kenya's heavily fished reefs, is somewhat paradoxical, as this taxon was shown to be very sensitive to warm-water anomalies in one of Kenya's parks (McClanahan et al. 2001) and to predation by fishes (McClanahan et al. 2005b) . Furthermore, it has not recovered well after the 1998 event in Kenya's MPAs (T. R. McClanahan unpubl. data). It is possible that it has greater acclimation or adaptation potential to warm water than recognized in the original site-specific study, and responds well to disturbances under different fishing or grazing conditions. Research into these and other possibilities will be needed to better understand the unusual response of this taxon.
It should be recognized that these data are relative abundances based on numbers of colonies and do not include estimates of colony size or absolute cover, and cannot be used to estimate recovery as measured by cover or population density per unit area of space. This sets limits to the usefulness of the study for determining recovery of ecological function, apart from the use of an expected community structure as a surrogate for recovery. Studies of coral cover in Kenya and the Maldives using benthic line transects suggest that the absolute cover of corals has increased on these reefs since 1998, albeit slowly (McClanahan 2000 , McClanahan et al. 2005b . However, there has been less recovery in the Seychelles reefs studied . Consequently, reefs are expected to change their taxonomic composition in response to past temperature anomalies and other disturbances (Berumen & Pratchett 2006 , McClanahan et al. 2007 ), while others are expected to lose coral cover and its function in the benthic community in response to rapidly warming climate (Gardner et al. 2003 , Hughes et al. 2003 , Sheppard 2003 .
The findings from the atolls of the central Maldives indicate that, despite a very large change in the dominant taxa and community structure of these reefs (McClanahan 2000) , they can maintain high numbers of taxa. Prior studies of coral biodiversity in the central Indian Ocean islands (the Maldives, Chagos, and Seychelles) indicated that reefs in this region were the center of coral biodiversity in the Indian Ocean, although East African reefs were probably considerably under-sampled at the times of these taxonomic compilations (Rosen 1971 , Sheppard 1998 . Nonetheless, the average taxonomic distinctness analysis identified the central Maldives as more taxonomically depauperate in terms of evolutionary relationships than expected for their level of richness. In contrast, the granitic islands of the Seychelles and Kenyan sites had high expected values for distinctness, but with lower numbers of taxa by the rarefaction method. There are no comparable data from the Seychelles sites prior to 1998, which makes it difficult to quantify changes. However, given that the number of taxa reported for the Seychelles in this study is lower than for the Maldives and there has been poor recovery, it seems reasonable to assume that there has been some loss of taxa.
Management implications
The findings of the study suggest a number of management priorities for sites and taxa in the region. First, southernmost Kenya and Tanzanian reefs stand out because of their high diversity and moderate bleaching effects, resulting in a community structure that still reflects the expected dominance of branching, solitary, and encrusting taxa. Tanzanian and southern Indian Ocean sites that have escaped catastrophic damage are a high priority for increased management in order to reduce synergistic stresses to corals (Moothien-Pillay et al. 2002 , McClanahan et al. 2005a . Analysis of mortality after 1998 in this region indicates that high temperature variation in this region may provide some acclimation or adaptation potential, and thus resistance to warmer temperature expected under current climate change scenarios (McClanahan et al. in press) .
Taxa with high bleaching responses and low occurrence are also taxa of special concern, as their rarity and susceptibility should increase the chances of their regional extirpation. Extinction in marine organisms is uncommon and difficult to predict (Vermeij 1993 ) and our estimate depends greatly on a number of assumptions, primarily that bleaching susceptibility is proportional to mortality, that the genus reflects the responses for the species, and that low abundance or occurrence on reefs increases extinction probabilities. These assumptions can all be challenged by past studies (Vermeij 1993 , Baker et al. 2004 , McClanahan 2004 ). An additional problem is under-sampling of rare taxa, which is unavoidable by this and most sampling methods, and this could influence estimates of bleaching responses that might be due to site-specific variables. A compilation of common genera responses suggested that while most corals that bleach do die in response to warm-water anomalies, there are also some taxa that bleach but survive (e.g. Astreopora, Favia, Favites, Goniopora and Leptoria), and others that do not bleach but die in moderate numbers (e.g. Cyphastrea and Millepora) (McClanahan 2004) . Those taxa that bleach and survive are of less concern, but genera such as Cyphastrea and Millepora are of special concern, as they may often die without significant bleaching. The bleaching response of Millepora appears to vary with region (authors' pers. obs.), and a few rare species of Millepora were reported to have gone extinct or nearly extinct in the eastern Pacific during the 1983 and 1998 bleaching events (Glynn & Feingold 1992 , Glynn & Ault 2000 .
The analysis presented here provides some information for identifying taxa at risk that might benefit from captive or other forms of management. The assumption that genus-level measures reflect species responses is not critical, because 5 of the 6 taxa identified as predicted to have a high relative extinction rate are monospecific genera in this region (Gyrosmilia = G. interrupta, Oxypora = O. lacera, Plesiastrea = P. versipora, Plerogyra = P. sinuosa and Physogyra = P. lichtensteini ) (Veron 2000) and Pachyseris has only 2 species (P. rugosa and P. speciosa). Consequently, here the use of genera is sufficient to identify taxa at risk. The 2 taxa Oxypora and Pachyseris have been observed in other reefs to be bleaching tolerant (C. R. C. Sheppard pers. comm.) and their classification as extinction susceptible here may be due to small and restricted samples. Plerogyra and Physogyra are bubble corals, with big polyps, that withstand high turbidity and low light levels. Turbid conditions may protect these taxa from strong radiation and subsequent bleaching compared to shallow-water corals in non-turbid environments. In contrast, turbid conditions may create narrow environmental tolerance limits that do not favor acclimation or adaptation to anomalous conditions, as has been suggested for shallow and exposed corals (McClanahan et al. 2005a, in press) . Plerogyra is in the list of the 10 most exported coral species by the aquarium trade (Wabnitz et al. 2003) , which is very high for a naturally rare taxon (13 900 to 60 700 pieces yr -1 ). Excessive exploitation of the species could increase extinction risk, which is already suggested from the high susceptibility to bleaching and rareness. On the other hand, aquarium colonies could also be used in conservation as captive sources of 'seed' for threatened populations. The under-sampling problem may be more serious for other rare genera, some of which are monospecific (Diploastrea, Gardineroseris, and Leptoria). More effort to sample and understand their responses to temperature anomalies will be needed to determine their needs for special management.
The positive relationship between the bleaching response with abundance and commonness of corals is why many of the most bleaching-susceptible taxa have low risks of extinction in our model. Rare and siterestricted taxa were those most likely to go extinct in the eastern Pacific, associated with the 1982-83 ENSO (Glynn & Ault 2000) . Although vulnerability, declining populations, and aspects of small and sparsely distributed populations are among the main criteria for evaluating risk of extinction (IUCN 1999 , Roberts et al. 2002 , there are past examples of abundant and widely distributed species going extinct (Carlton et al. 1991 ) and reasons to believe this can happen in the marine envi-ronment (Hutchings 2001) . It is, however, difficult to identify these taxa a priori, since all taxa included here (but one: Millepora) are scleractinians, and all have symbionts and associated life histories. Nonetheless, taxa with narrow environmental limits, restricted ranges, small population sizes, low dispersal capabilities, and slow growth are likely to be most vulnerable (Glynn 2000) , and many of these attributes are identified above.
This study provides further support for the hypothesis that past bleaching episodes and associated changes in taxa and community structure provide some resistance to warm-water anomalies (Baker et al. 2004 , McClanahan et al. 2007 ). The sites we studied in the northern Indian Ocean displayed resistance through reduced taxon-specific bleaching responses as a function of DHWs experienced in 1998, as well as resilience due to a change in the dominant taxa (McClanahan et al. 2007) , with increased relative abundance of those taxa with either greater resistance to warm-water anomalies, such as massive Porites and Pavona, or disturbance-adapted life histories, such as Pocillopora. This is associated with major losses in previously dominant taxa, such as Acropora and Montipora, and possibly some losses in those taxa that are difficult to quantify but likely to include those we identified as extinctionprone. There are still a number of sites in this region that display communities and diversity that reflect less catastrophic disturbance effects, and they are among the highest regional priorities for management.
Monitoring
With the urgency to understand the threats posed by climate change, one of the main challenges in monitoring bleaching and coral communities has been in coordinating methods and the synthesis and comparison of data on an appropriately large scale. To our knowledge, our survey is the largest coordinated bleaching study yet carried out. Coordinated among 12 coral reef scientists, it covered 8 countries and 71 reef sites in one warm season. A quick and simple technique was used, which has the advantage of monitoring corals in a comparable, consistent, and standardized way in a relatively short period of time. This study also demonstrates that it is possible to investigate oceanographic anomalies and warming responses at a scale beyond the reef or country level (McClanahan et al. 2007 ). Such smaller-scale studies often use a wide variety of techniques, often semi-quantitative, and comparison between methods and observers is difficult. With the increased uncertainties in the global synopsis of corals and possible extinctions, our simple and cost-effective method can be used as a global protocol for assessment and monitoring of coral communities and bleaching.
